Aim: study the effect of double-arm clasps as retainer units for bilateral mandibular distal extension removable partial denture regard: Study of stress analysis applied on the abutments (in-vitro) and abutment alveolar bone height changes (in-vivo 
I. Introduction
Bilateral distal-extension removable partial denture is can be defined as a removable partial denture that is supported and retained by natural teeth only at one end of denture base segment and in which a portion of functional load is carried by residual ridge. 1 The bilateral distal extension removable partial denture presents a treatment problem to the dentist. A major factor to be considered with regard to such partial dentures is of their composite support, coming from two entirely different oral structures which are teeth and residual ridge. If support can be utilized in such a manner that neither the teeth nor the residual ridge is abused the basis for a successful removable partial denture is established. However, if the supporting teeth or soft tissues are not used correctly and completely, consequent the result will be both mobility of abutment teeth and resorption of the residual ridge. Reverse circlet clasp is basically circumferential clasp but the occlusal rest placed mesially. It can be used in distal extension base because it control stresses transmitted to abutment. As denture base is depressed under function, the retentive clasp tip rotate gingivally to enter a greater amount of undercut and reduce the torsional stresses transmitted to the abutment tooth. 5 A modified RPA clasp assembly design was developed to solve the problem of RPA clasp assembly, especially when the lower 1 st premolar was used as a distal -extension RPD abutment. Its design includes a mesial rest, a distal guiding plate, a buccal bracing /retentive arm and a lingual bracing arm. A mesial rest seat is prepared in the tooth occlusal table in its depressed mesiolingual portion. The mesial rest and the proximal plate are connected by a lingual bracing arm, cancelling the need for a separate minor connector. The lingual bracing arm is allowed to move tissue ward freely in this design during rotational movement of the distal extension saddle around the fulcrum line which passes through the mesial rests.
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Abd El-Khalik; et al 7 concluded that; from occlusally approaching view of use the torqueing releasing clasp assemblies. Modified clasp may be the clasp of choice to decrease abutment alveolar bone resorption in the tooth -tissue supported prosthesis. Half-and-half stress releasing clasp assembly was suggested in this research as a new clasp system to retain abutment of distal extension RPD as a goal to utilize distobuccal retentive undercut (near to the distal extension case).This clasp assembly realizes the proper ideal requirements of circumferential clasp that retained abutment teeth of removable partial denture. Stress releasing clasps by flexibility can be classified into:-Double arm clasp with posterior placed occlusal rest includes: combination clasp, RPL clasp and extended arm clasp. 6 Single arm clasp with posterior placed occlusal rest includes: back action and reverse back action clasps.
II. Materials And Methods
In-vitro study: Model RPD distal extension with three frameworks of different retainer units for stress analysis. Applied load on RPD: Two loading protocol was carried out to estimate stresses applied to abutment teeth with different design retainer system these include:-Unilateral loading position and Bilateral loading position. Bilateral (central) loading: on the model, the bilateral load (100 N of 1mm .min speed) was applied on removable partial denture by using metal bar which was cut to be extended from the bucco-occlusal surface of the 1 st molars in one side to the other side of the model. The bar was then cemented into position by epoxy resin. The mid-point of the bar was marked as the loading point. At least 5 minutes were allowed as a period of rest between each reading to give a chance for heat dissipation from the grids of the strain gauge. These procedures were carried out for three designs. The readings were collected in micro-strains the arithmetic mean and slandered deviation of the recorded readings (micro-strains) after each loading points were calculated, tabulated, and statistically analyzed.
In-vivo study: Fifteen patients were selected for this study from the Prosthodontics Department, Faculty of Dentistry, Mansoura University according to the following criteria:-They were healthy with no systemic diseases relating to bone resorption which achieved through clinical examination by physician. They were with angle's class I maxillo-mandibular relationship and have maxillary completely edentulous arch against mandibular bilateral distal extension ridges posterior to first premolar. Edentulous ridges were firm and well formed. The space between the gingival margin of the remaining natural teeth and functional depth of floor of the mouth will not be less than 8mm.
For every patient the following were performed:-Diagnostic periapical radiograph for first premolar on each side was done. Maxillary and mandibular preliminary impression were made with irreversible hydrocolloid impression material and poured in dental stone.
After border molded auto polymerized acrylic resin custom tray maxillary secondary impression was made with ZOE. The lower diagnostic casts were surveyed and the distal extension RPD was designed as follow: Lingual bar which extended from right to left mandibular first premolar to connect bilateral distal extension bases. Clasp design: The patients were classified into three equal groups according to different designs of clasp assembly as follow: Group I: where distal extension RPD designed with Reverse circlet clasp. Group II: where distal extension RPD designed with modified half -and-Half clasp assembly without distal occlusal rest and retentive clasp arm arising from anterior occlusal rest. Group III: where distal extension RPD designed with modified Half and Half clasp assembly without distal occlusal rest and modified retentive clasp arm arising from proximal guiding plate.
After making mandibular altered cast impression, jaw relation was registered and try in denture was processed. Occlusal analysis was carried out. Digital periapical x-ray film of abutment teeth was performed at three observation periods.
Standardization of the peri-apical radiograph was performed as follows:-A standardized plastic film holder was used, so that; at one end it could be precisely arm attached and removed from cathode tube of x-ray machine, at the other end, the extension arm contained a receiptable for the placement of a periapical film and a plastic baking the target film distance was fixed at 30cm. Autopolymerizing acrylic resin template was constructed to hold the film and plastic baking. The template was designed to be seated on the occlusal surfaces of the abutment and canine teeth on the patient's cast. This device was used to align parallel to the abutment tooth on the patient cast. The surface of the template facing the upper jaw arch was shaped to a tray for receiving rubber impression base impression material that relate to the upper arch while the patient close his jaw. 8 A stainless steel wire was embedded vertically in the acrylic template for measure the radiographic magnification errors (R.M.E.) . 9 The patient was seated in upright position with head immobilized. The patient was guided to hold the template in the same way for the three X -ray exposures: T0: immediately at time of denture insertion. T6: 6 months after denture insertion. T12: 12 months of denture insertion.
Measuring of abutment interdental alveolar bone height:-Direct digitalization of measurement data was done using Corel Drow11 computer program. To eliminate the radiographic magnification error, scale of measurement was adjusted according to actual length of stainless steel wire. Abutment interdental alveolar bone height was determined by measuring the distance between cemento-enamel junction (CEJ) and interdental alveolar bone crest . 
III. Results
The in-vitro study was evaluated and analyzed statistically to evaluate the mean micro-strains values for three designs (I, II, III) after application of bilateral (central) static loading (100 N (.There was significant difference between three designs in the mean amount of stresses applied on to the abutment where F= 4.10 and LSD= 9.865 and P= 0.0217. Table ( 
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The in-vivo study was evaluated and analyzed by Anova test for determining the significant difference of abutment alveolar bone resorption of three groups I, II, III along the follow-up periods. There was significant difference between the studied groups in the mean amount of abutment crestal alveolar bone resorption where P= 0.01*and 0.07* and 0.001*for the first, the second interval period and total 12 months of RPD insertion respectively. 
IV. Discussion
In this research, abutment interdental alveolar bone resorption was significantly observed along the interval periods of the study after insertion of mandibular distal extension removable partial denture. The result was revealed that, there was significant difference in each three groups (I, II, III) in all interval periods except 1 st six months in group I there is insignificant difference. The results of abutment interdental alveolar bone resorption was agreed with the results of stresses measured by a strain gauge, as there was found that, the presence of stresses between three groups (I, II, III) .
As the denture base move under function loading, the abutment teeth subjected to stresses that released by disengagement that provided by a stress releasing clasp principles. Because the load transmitted to the abutment tooth is not within its physiologic limits, abutment alveolar bone resorption will be exhibited along the interval periods of the study. Carr et al 12 stated that: the terminal third of clasp arm that engages the abutment undercut away from edentulous area, if it is used in tooth-tissue supported RPD, rotation occurs during tissue ward movement and the retentive clasp terminal will engage more undercut creating excessive stresses to the abutment.
In this study, group I exhibit significantly greater abutment interdental alveolar bone resorption when it compared either with group II and III .When comparing group II and III there was insignificant difference of abutment interdental alveolar bone resorption along the interval periods and follow up periods of the study.
This may be explained that; in modified half-and-half clasp assemblies group II & group III the retentive arm move independently from the reciprocal arm (both arm of group I and group II not joined together to interproximal minor connector) under functional loading of the denture base. Phoenixet al 13 stated that: the denture base is displaced under functional loading, the retentive clasp tip rotate gingivally to engage great amount of retentive undercut and decrease the torsional stress to the abutment teeth . Due to horizontal reciprocation of the modified clasp assembly design provides better encirclement, two arm clasps, that prevent the tooth from moving out of confines of the clasp assembly. Hakkoum; 14 mentioned that; the existence of a bracing arm above the height of contour may preclude the downward movement of the retentive tip. So, it would not disengage the tooth when an excessive load is applied to the distal extension base. Moreover, the role of the mesial rest may be cancelled so the harmful forces are transmitted to the abutment.
Consequently, more stresses applied to the abutment teeth by reverse circlet clasp compared by modified half-and-half clasp assembly either retentive arm placed mesially or distally away from the saddle causing excessive abutment alveolar bone resorption with the former compared to the other one. This explanation was reinforced by the in-vitro results obtained in this study. Where the bilateral (central) loading and unilateral loading (right) side in group I exhibit more stresses than in group II and group III.
Firstly, this may explained that, this result found that there was insignificant difference in abutment alveolar bone resorption when compared with modified half-and-half clasp assemblies that utilized the retentive undercut mesially to that utilized the retentive undercut distally. This result indicated that, the location of retentive undercut either mesially or distally is not a factor in selecting modified half-and-half clasp assembly as a retainer unit. As EI-Shoukouki ; 15 studied analysis and comparison of stress transmission characteristics on abutment teeth induced by different clasp designs for distal extension RPD, he found that the occlusally approach torqueing releasing clasp assembly utilize the RPA design induced more stresses along the distal abutments when these stresses were compared to that provided by RPI clasp assembly design.
In this study, modified half-and-half clasp assembly utilized mesially placed occlusal rest and retentive arm that engage a retentive undercut near to the saddle may be suggested as a new stress releasing clasp design for distal extension RPD. It should be added to retainer units of stress releasing action by disengagement.
Secondly, the greater stresses in group III this may be due to bracing arm originating from the primary occlusal rest in group III will be the cause of greater stresses to the abutment teeth so, when the prosthesis is rotated greater force will be subjected to the area of the clasp that located to the area above survey line even designing the bracing arm to allow free tissue ward movement and superior border of the bracing arm contact the area with survey line. This explanation will be reinforced by the result obtained by greater stresses of group Consequently, according to this explanation, the author pointed out that, the stresses transmitted from the bracing arm originating from the primary rest isn't comparable to that stresses transmitted by the bracing arm where the bracing arm originating from the proximal plate because the bracing arm of group II freely totally moved gingivally compared to that of groups I and III. A further investigation will be carried out to study the effect of the bracing arm to be in contact or not to the primary occlusal rest regard to stress transmitted to the abutment.
This study revealed that an appropriate close approximation of the mean amount of abutment alveolar bone resorption that was observed during the 1 st and 2 nd interval periods of study. This may be due to the bracing component of double arm clasp assembly of stress releasing action positioned at the junction between middle and gingival third of the abutment teeth that minimize stress transmitted to the abutment along the interval periods of the study. Boucher and Renner; 16 stated that; the bracing component which performs the function of stabilization, reciprocation and encirclement should be placed at the junction between middle and gingival third of the abutment teeth. Encirclement is provided by entire clasp assembly that contact tooth surface for more than 180 degree, it prevents tooth from moving away from the clasp assembly or prevents the clasp assembly from slipping off tooth surface when it is subjected to vertical, horizontal and torqueing forces.
close approximation of stresses (bilateral loading) transmitted to the abutment teeth either using stress releasing clasp assembly that utilized mesial or distal retentive undercut even a significant result was found when comparing of group II and group III together (group II less stresses compared to group III). Bilateral loading representing dynamic function and there is close approximation with in-vivo study (Bilateral loading coincide with clinical study).
